abstract. Hydrochemical investigations were carried out in the periglacial basin of Obruchev Glacier (Polar Urals, Russia) in order to provide a quantitative and qualitative comparison of dissolved solids yields during the ablation season with and without snow cover taking into account the mineral composition of rocks and deposits occurring in the studied area. The concentration of dissolved solids in the waters of the investigated basin is very low (about 7.0-8.9 μS cm -1 ). It is most of all due to harsh local climate conditions as well as the presence of minerals resistant to weathering in the parent material. Both factors contribute to the low rate of chemical weathering in the area. Results obtained indicate that a larger dissolved solids yield was transported during the period with snow cover (106 kg km -2 day -1 , on average), than at the same time of the year but without snow cover (13 kg km -2 day -1 , on average) indicating that melting snow is an important factor influencing the yield of dissolved solids in surface waters.
Introduction
The amount of dissolved solids transported by waters is a measure of the degree of chemical denudation in a drainage basin. It can be used to determine the intensity and qualitative diversity of chemical denudation processes. The studies (e.g. Rapp 1960 , Dixon et al. 1984 , Caine 1992 , Beylich et al. 2006 have shown that chemical denudation is more important than mechanical denudation in periglacial basins, unlike e.g. glacial basins in which mechanical denudation predominate.
A key factor that affects the degree of chemical denudation is the depth and duration of snow cover (Caine 1992) . Caine (1992) research in the Rocky Mountains has shown that thick patches of snow, which cover less than 10% of a basin's total area, are capable of generating a dissolved solids yield corresponding to 60% of total chemical denudation. In addition, increased snow cover duration was capable of producing a fourfold rate of chemical denudation (Caine 1979) .
Contemporary hydrochemical research in polar and alpine regions tend to focus primarily on glaciated basins (Collins 1979 , Tranter et al. 1996 , Wadham et al. 1998 , Hodson et al. 2000 , Wadham et al. 2000 , Brown 2002 . It has been shown that chemical denudation processes proceed at different rates during the ablation season, which depends on the degree of subglacial drainage, delivery of suspended matter, and chemical denudation in proglacial areas. The hydrochemical properties of periglacial basins, however, have not received as much attention (Caine 1992 , Darmody et al. 2000 , Beylich et al. 2004 .
The purpose of this paper is to provide a quantitative and qualitative comparison of dissolved solids yields during the ablation season with and without snow cover in a selected periglacial basin in the Polar Ural Mountains in Russia.
Study area
The study area is located in the Polar Urals (Russia) in the vicinity of Chadata Jugan-Lor Lake (Fig. 1) . The basin stretches from the east to the west. The western part includes the Obruchev Fig. 1 . Study area the relAtionship Between DissolveD soliDs yielD AnD the presence of snow cover in the periglAciAl BAsin of the oBruchev glAcier.. 97
Glacier, which is situated in a east facing cirque. The basin is 12.83 km 2 in area and the glacier occupies about 2% of it. The study area is characterized by changes in elevation up to 900 m. The depth of snow cover varies across the study area, as well as across the Polar Urals in general, ranging from 0.5 m in open areas to 50 m in cirques facing to the east (Tushinkiy 1963) .
Air temperature and humidity data were measured during the study period at a location representative of the tundra region. Period with snow cover (the summer 2008) was characterized by higher daily mean air temperature (15.5°C on average; from 9.1°C to 18.8°C) in comparison with the period without snow cover (the summer 2007, 10.0°C on average; from 4.9°C to 19.7°C). Air humidity was higher during period with no snow cover (80.5%) versus period with snow cover (69.1%) (P. Wałach -personal comm.). Air temperatures for the entire study period were similar to average air temperatures measured in July and August (1958-1980) High water levels in 2008 made it impossible to use the propeller-type current meter to measure flow speed, and, therefore, the surface float was used instead. Discharge rates were determined based on an average of five surface velocity measurements multiplied by a reduction coefficient (a = 0.84). The obtained water level and water speed data were used to construct rating curves for two separate periods.
An ELMETRON CC-315 conductometer was used to measure water temperature and specific electrical conductivity (SEC). Water samples were filtered using membrane filters (0.45 �m) and Sar�m) and Sarm) and Sartorius filtration kits, and finally placed in 0.5 dm 3 PET bottles. The filtered water samples were kept in a dark place at temperatures below 4°C.
An ICS-2000 DIONEX ion chromatograph was used to analyze the chemical composition of the collected water samples. The analyses were carried out at the Hydrochemical Laboratory of the Institute of Geography and Spatial Management at the Jagiellonian University in Kraków. No meaningful differences were detected between in situ SEC measurements and SEC measurements made in the laboratory.
Total mineral content was determined based on the relationship between dissolved solids concentration (in mg dm -3
) and electrical conductivity measured in situ (Darmody et al. 2000) . Daily dissolved solids yield was then calculated based on average daily mineral content and corresponding discharge rates. Hydrochemical data was used to determine key chemical weathering characteristics (Hounslow 1995) .
The petrographic properties of rocks found in the investigated area were determined macroscopically and microscopically. The mineral composition of rocks and their saprolites was determined using X-ray diffraction (XRD). The sam-ple rocks and deposits were ground before testing. The analyses were performed using Philips X'Pert diffractometer with the generator PW1870 and the vertical goniometer PW3020, equipped with a 1° divergence slit, 0.2 mm receiving slit, incident-and diffracted-beam Soller slits, 1° anti scatter slit, and a graphite diffracted-beam monochromator. CuKa radiation was used with the applied voltage of 40 kV and 30 mA current. Random mounts of the bulk material were scanned from 2 to 64° 2Θ at a counting time of 1 second per 0.02° step. The analyses were performed at the laboratory of the Institute of Geological Sciences, Jagiellonian University, Kraków, Poland.
Results mineral composition of the parent material
Metamorphic rocks (phyllite, chlorite schist, sericite schist, and rarely gneiss) are the predominant components of the parent material across the study area. (Fig.  2) . While the rocks investigated did not contain calcium plagioclases, the sodium plagioclases found across the study area may contain trace amounts of calcium (Bolewski 1982) .
Hydrology and hydrochemistry of the surface waters
The discharge rate during the period with snow cover (2656 dm -3 s -1 on average) was ten times greater than that during the period with no snow cover (263 dm -3 s -1 on average); (Fig. 3 ). The period with snow cover was characterized by well-defined cycles and significant daily fluctuations. High rates of discharge during the period with snow cover were mainly the result of snow melting with negligible precipitation input (Wałach & Stachnik 2011) .
During the period with snow cover, the dissolved solids yield was 106 kg/km -2 day -1 , on average, and ranged from 41 to 165 kg km -2 day -1 ). During periods with no snow cover, the dissolved solids yield was 13 kg km -2 day -1 , on average, and ranged from 8 to 37 kg km -2 day -1 ); (Fig 3) . Electrical conductivity was at an average of 7.0 μS cm -1 during the period with snow cover, which was lower than during the period with no snow cover (8.9 μS cm -1 , on average); (Fig. 4) . Daily variations of electrical conductivity were observed, with maxima occurring during periods of lowest discharge and minima during periods of highest discharge. The concentration of dissolved solids in the water samples collected was very low for both study periods. The following two ions dominated the mineral content of the water samples both during the period with snow cover and the period without snow cover: Ca 2+ (1.27 mg dm -3 , on average) and HCO 3 -(3.37 mg dm -3 , on average). 
>F
->NO 2 -. The PO 4 3-ion was below the detection limit.
The concentration of most of the investigated ions in water was lower during the period with snow cover versus the period without snow cover. The calcium, Na + , NH 4 + , and HCO 3 -concentrations (meq dm -3 ) were lower relative to the period without snow by 14%, 12%, 43%, and 25%, respectively. Cl -concentration, on the other hand, was 22% higher in the former period (Fig.  5) . The concentration of F -was found to be above the detection limit during the period without snow cover and below the detection limit during the period with snow cover.
Most indices of chemical weathering did not vary substantially over the course of the two study periods. Langelier Saturation Index (LSI) values show that surface waters were significantly undersaturated with respect to calcite. The value of the Na/(Na+Cl) index underscores the (2007) and with snow coverage (2008) significance of ion exchange as a means of releasing Na+ into aqueous solutions. The value of this index was lower during the period with snow cover, which was related with increased atmospheric precipitation. The Ca/(Ca+SO 4 ) index did not vary significantly between the two study periods and suggests that the calcium must come from a source other than gypsum (Tab. 1). The (Na+K-Cl)/(Na+K-Cl+Ca) index varies significantly between both study periods. This index suggests that plagioclase weathering was more likely during periods without snow cover. The Cl/sum-of-anions index indicates that the chemical composition of the collected water samples is more likely the result of chemical weathering than precipitation. It must be noted that the value of this index was more than 1.5 times greater for the period with snow cover (Table 1) . However, the value of the HCO 3 / sum-of-anions index suggests that the chemical composition of the collected water samples may have been determined by atmospheric precipitation (Table 1) .
Discussion
Research performed during the ablation seasons (July-August) in the periglacial basin of the Obruchev Glacier indicates that a larger dissolved solids yield was transported during the period with snow cover than at the same time of the year but without snow cover. The melting of snow during the ablation season causes intense infiltration and outflow of water, which can dissolve and transport rock matter. This mechanism becomes limited during periods without snow cover because of an inadequate supply of water, which washes the soil as well as weathered rocks and ,in consequence, transports dissolved matter. The research data suggests that melting snow is an important factor impacting the dissolved solids yield in surface waters.
During the period with snow cover, melting snow provided large quantities of water, which was indicated by via discharge measurements at the hydrometric site. Dissolved ions become diluted, which results in lower concentrations than those detected during the period without snow cover.
The low degree of chemical weathering across the study area, resulting in a low yield of dissolved solids, is determined by the geologic structure of the parent material. The investigated area is formed of crystalline metamorphic rocks mainly consisting of silicates resistant to weathering (mica, quartz, and feldspars). Harsh local climate conditions certainly contribute to the low rate of chemical weathering in the area. A short period of non-freezing temperatures (Mangerud et al. 2008) and, thereby, long and cold winters when water is in a solid state make the dissolution of minerals difficult.
Low weathering rates are characteristic of the Polar Ural region (Lessovaia & Polekhovsky 2009 ). This results in very slow changes in the soil and negligible changes in mineral composition of the soils of the Polar Urals, which is driven by the harsh local climate.
The concentration of dissolved solids in the waters of the investigated basin can be several times lower than that in periglacial basins located on the Scandinavian Peninsula (Darmody et al. 2000 , Beylich et al. 2004 , Zakharova et al. 2007 ), on Spitsbergen (Krawczyk & Pettersson 2007) , and in the Rocky Mountains (Caine 1992). In some periglacial basins featuring similar geologic structure (gneiss, granite, mica, schists) on the Scandinavian Peninsula, the concentration of Na + and K + is higher than that of Ca 2+ (Beylich et al. 2004 , Zakharova et al. 2007 .
Thick layers of postglacial deposits from the Last Glacial Maximum (LGM) -and no oldercan be found across the regions just mentioned. Moraine matter is more susceptible to chemical weathering. In the Polar Urals, on the other hand, glaciers did not venture very far during the LGM (Mangerud et al. 2008 ). An example would be the Chernov Glacier, which borders the Obruchev Glacier from the west. The small extent of glacier resulted in a relative absence of moraine matter, which may have contributed to a lower rate of chemical weathering weathering than the materials consisting of rocks and their saprolites.
The water samples collected contained relatively large quantities of Ca 2+ and HCO 3 -, despite the fact that the study area is formed of rocks containing low amounts of calcium. The HCO 3 -ion may be the product of the dissolution of atmospheric CO 2 . Normally, HCO 3 -and Ca 2+ ions in water come from the dissolution of carbonates or calcium plagioclase (Wynn et al. 2006) , however, no exposed carbonate rocks were found across the study area. Moreover, calcium plagioclases most likely are absent in rocks and their saprolites. The hydrochemical indices calculated for the water samples collected indicate that plagioclase weathering -which could be a potential source of calcium -does not contribute very much to the detected Ca 2+ content. High Ca 2+ concentrations may be the result of aeolic influx from areas featuring carbonate rocks in their parent material. Areas of this type are located to the west and the southwest of the study area, for example, in Paypudina Valley.
Aeolic transport of fine-grained rock matter is possible thanks to air circulation from the south, which is an observable form of circulation across the Polar Ural Mountains (Piotr Wałach, personal communication). However, the very low and negative values of the LSI index suggest that calcite dissolution must be very limited. In short, the origin of calcium in the surface water is difficult to establish based on the data available. It appears that several different factors may be responsible for the Ca 2+ supply to waters.
Conclusions
1. Very low total ion content in the waters of the periglacial basin of the Obruchev Glacier (Polar Ural Mountains), determined during the ablation season (July-August), indicate that rate of chemical weathering is low. 2. Low ion content in water samples is primarily the result of geologic structure (the occurrence of weathering-resistant silicate minerals in the parent material), harsh climate conditions (low air temperatures, limiting weathering processes and decelerating dissolution of minerals), and little moraine cover from the LGM. 3. A decidedly higher dissolved solids yield is produced during periods with snow cover suggesting an importance of snow cover in chemical denudation mechanisms in periglacial basins.
